INTRODUCTION {#sec1-1}
============

Among the most important elements in assessing patient\'s oral health prior to any clinical intervention is to determine the number of teeth. By definition, congenitally missing teeth are those that fail to erupt in the oral cavity and remain invisible in a radiograph, which implies that this is caused by disturbances during the early stages of tooth development.\[[@ref1]\] Hypodontia, a commonly used term to describe the absence of one to six teeth, is one of the most common dental developmental anomalies in human. The absence of more than six teeth is called oligodontia.\[[@ref2]\]

Hypodontia could be found in different inheritance modes. It can occur as an isolated condition (nonsyndromic hypodontia)\[[@ref3]\] or can be associated with systematic condition or syndrome (syndromic hypodontia).\[[@ref4]\] Less frequently, hypodontia could be caused by environmental factors such as; infection, early irradiation of tooth germs, chemical substances or drugs, trauma in the dentoalveolar process, disturbances in the jaw innervations or accidental removal of a tooth germ during the extraction of a primary tooth.\[[@ref5]\]

Several genes have been investigated to understand the genetic processes of tooth agenesis. A familial autosomal dominant point mutation in the MSX1 gene has been demonstrated with second premolar and third molar agenesis.\[[@ref6]\] PAX9 gene in chromosome 14 has been also identified as responsible for autosomal dominant oligodontia.\[[@ref3]\] Other studies reported that, in addition to MSX1 and PAX9 genes, a regulatory molecule in the mesenchyme, called transforming growth factor alpha, could result in isolated forms of dental agenesis.\[[@ref7]\] Although tooth agenesis has been most frequently reported as inherited in an autosomal dominant or recessive fashions,\[[@ref8][@ref9]\] some reports demonstrated to be inherited as X-linked and polygenic fashions.\[[@ref10]\]

The prevalence of hypodontia has been reported in different populations. Variation in the distribution and location has been reported across ethnic groups. A recent systematic review reported that the overall prevalence was 6.4% with the highest in Africa followed by Europe, Asia, and Australia. Lower prevalence was found in North America and Latin America and Caribbean. Hypodontia was found more frequently in females than males.\[[@ref11]\]

Whilst hypodontia is not a common dental anomaly, it represents a clinical problem which requires multi-disciplinary approach due to complications that might arise such as, esthetic problems, periodontal damage, disturbances in occlusion and alveolar bone deficiency. Until date, there have been no published studies investigating the prevalence and distribution of hypodontia in the state of Qatar. Therefore, the aim of this study was to investigate the prevalence and distribution of hypodontia in the permanent teeth among a group of Qatari sample and to compare the present results with findings from other populations.

MATERIALS AND METHODS {#sec1-2}
=====================

This retrospective study examined the records of 1269 Qatari patients who attended the Pediatric Dentistry and Orthodontic Clinics during the period (2009--2014) at the Department of Dentistry, at Hamad Medical Corporation, Doha-State of Qatar. The inclusion criteria were patients of Qatari origin, no history of medical problem or any type of syndromes and developmental anomalies, the presence of panoramic radiograph with good quality and patients who aged between 8 and 20 years.

Ethical approval was obtained from the Medical Research Center at Hamad Medical Corporation, Doha-State of Qatar (Project number: 14077/14).

All permanent teeth except third molars were investigated using the panoramic radiographs. A tooth was recorded as congenitally missing when no trace could be found on the panoramic radiograph. Treatment records from patients' files were checked to confirm that the tooth had not been extracted due to caries, periodontal disease, trauma or orthodontic extraction. Four experienced dentists who have at least 5 years of clinical experience examined all the radiographs over a period of 6 months. All radiographs were evaluated on viewers in a dark room.

Data obtained from panoramic radiographs and patients' records were recorded according to gender, age, type and number of missing teeth, maxillary versus mandibular agenesis, right versus left side and unilateral versus bilateral.

All descriptive and comparative analyses were performed using the Statistical Package for the Social Sciences (version 20.0, SPSS Inc., Chicago, IL, USA). Student\'s *t*-test was employed to compare the chronological ages between male and female patients. To test the difference between male and female patients, maxillary versus mandibular agenesis, right versus left side and unilateral versus bilateral, Chi-square or Fisher\'s exact tests were employed. To test data quality, 10% of the data were randomly selected and reevaluated by one of the investigators 2 weeks after the initial examination so that 100% reproducibility was assured in the identification of congenital missing teeth. The level of significance was set at 0.05.

RESULTS {#sec1-3}
=======

The study comprised of 674 female and 595 male patients. The mean age of female patients was 11.8 (±2.3) and for male patients was 11.4 (±2.2) \[[Table 1](#T1){ref-type="table"}\].

###### 

Descriptive data of patients included in the study
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The prevalence of hypodontia was 6.2%. The difference between genders was statistically significant with female hypodontia prevalence higher than males (8% and 4.2%; respectively) \[[Table 2](#T2){ref-type="table"}\]. The teeth which showed statistical significance were maxillary right and left lateral incisors and maxillary right permanent second premolar.

###### 

Distribution of hypodontia by gender
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A total of 138 teeth were missing in 79 patients (98 in females \[71%\] and 40 in males \[29%\]). The average number of missing teeth per patient was 1.7. Of all patients, 39 had one missing tooth, 28 missing two, 7 missing three, 4 missing four and only one male patient with missing six or more teeth \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of numbers of missing teeth among patients with hypodontia
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The most commonly missing teeth were maxillary lateral incisors (36.2%), followed by mandibular second premolars (32.6%) and maxillary second premolars (20.2%). However, there were no significant differences between right and left sides for any particular tooth \[[Table 4](#T4){ref-type="table"}\]. Hypodontia was more common in the maxilla (56.5%) than in the mandible (43.5%). However, this difference was not statistically significant (*P* \< 0.1).

###### 

Frequency of missing teeth and test results in relation to right and left sides for a particular tooth in both arches
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Bilateral missing teeth were found in 35 cases (44.3%). The most common bilateral missing teeth were maxillary lateral incisors (42.8%), followed by mandibular second premolar (37.1%). The maxillary lateral incisor was the most frequently unilaterally missing tooth (40%), followed by the mandibular second premolar (38%) \[[Table 5](#T5){ref-type="table"}\].

###### 

Frequency of missing teeth in relation to unilateral versus bilateral
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DISCUSSION {#sec1-4}
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Tooth development and morphogenesis is a complex process that involves interactions of different types of cell layers. This process is regulated by the presence of transcription factors and growth factors alongside their receptors.\[[@ref12]\] Disruption of any part of this process will result in tooth anomaly. Hypodontia is one of the most common dental developmental disorders that require early diagnosis and management at an early age in order to prevent future complications. Many studies across different ethnic backgrounds reported on the prevalence and distribution of hypodontia. However, no data exist specific to the Qatari population. Hence, it was the aim of this study to investigate the prevalence and distribution of hypodontia in the permanent teeth among a group of the Qatari sample and to compare the present results with findings from other populations.

According to the present study, the prevalence of hypodontia was 6.2% which is similar to the findings of a recent systematic review conducted across populations in all continents.\[[@ref11]\] When compared to other populations within the same region, this finding is higher with a maximum difference of 2%.\[[@ref13][@ref14][@ref15]\] The reason for this difference could be due to lower sample sizes in other populations, which might affected the overall prevalence. As in most studies, the general prevalence of hypodontia was significantly higher in females (8%) than males (4.2%; *P* \< 0.005).\[[@ref4][@ref16]\] The higher prevalence of hypodontia in female patients could be attributed to biological factors and the higher percentage of female patients attending the orthodontic and pediatric Dentistry clinics. However, few reports revealed no difference between both genders.\[[@ref13][@ref15]\]

The average number of missing teeth for each patient was 1.7%. Eighty-five percent of affected patients had one or two missing teeth. This is in agreement with other populations within the same region.\[[@ref15]\] The fact that almost 15% of affected patients had at least 3 or more missing teeth could pose a clinical challenge with respect to management and will require a multi-disciplinary approach to correct functional and esthetic problems.

The most frequently missing tooth was the maxillary lateral incisor (36.2%), followed by mandibular second premolar (32.6%) and maxillary second premolar (20.2%). This finding is consistent with other previously reported data and confirms the general popular pattern in which the most distal tooth of any particular type is the most likely to be affected.\[[@ref15][@ref17]\] In contrast to these findings, several studies found that the most frequently missing tooth is the mandibular second premolar, followed by either maxillary second premolar or maxillary lateral incisor.\[[@ref18][@ref19][@ref20]\] Other reports found that mandibular lateral incisor is the most commonly affected tooth, in particular, Asian populations.\[[@ref21]\] These differences could be as a result of ethnicity or due to recruiting patients from different settings whether clinical or from the general population. For example, missing maxillary lateral incisor could be more frequently found in orthodontic clinics than from the general population.\[[@ref22]\] In the present study, there were no significant differences between right and left sides for any particular tooth, which is in accordance with the majority of studies.\[[@ref17][@ref22]\] Furthermore, no significant difference was observed between both the maxillary and mandibular arches although hypodontia was more prevalent in the maxilla. This finding is consistent with most studies from the literature.\[[@ref2]\] On the other hand, Mallineni *et al*.,\[[@ref19]\] found that missing teeth in the mandibular arch was greater than the maxillary arch.

In the present study, bilateral missing of a particular tooth was found in 44.3% of affected cases. Although less prevalent than unilateral missing, this finding necessitates the urgent need for intervention and multi-disciplinary team approach for management. This finding was in agreement with a meta-analysis, which evaluated tooth agenesis of permanent teeth across different populations.\[[@ref2]\] On the other hand, Amini *et al*.,\[[@ref15]\] found that bilateral missing was observed about twice as frequently as unilateral missing. Bilateral missing was commonly seen in the maxillary lateral incisor followed by mandibular second premolar and maxillary second premolar (42.8%, 37.1% and 22.8%; respectively). This finding was consistent with previous reports.\[[@ref15][@ref22][@ref23]\]

The results of the present study could have been confounded by several factors. The minimum age of the sample was 8 years old. In some individuals, delayed development of premolars might occur which may lead to uncertainty whether they are congenitally missing or not. Wisth *et al*.,\[[@ref24]\] found that this uncertainty could be resolved when recruiting individuals at 9 years. A further limitation of the present study relates to the generalizability of the findings. Investigating the prevalence from general population will result in more reliable results and closer to the actual values. However, taking radiographs for the general population to identify hypodontia without any medical reason or indication would be unethical.

CONCLUSIONS {#sec1-5}
===========

The prevalence of hypodontia in a group of the Qatari population was 6.2%, which was within the normal range of the majority of other populations. Hypodontia was more significantly prevalent in females as compared to males. The most commonly missing teeth were maxillary lateral incisors followed by mandibular second premolars. The majority of affected individuals had one or two missing teeth. Hypodontia was more commonly found unilaterally than bilaterally. There were no significant differences between right and left sides for any particular tooth.
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